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ABSTRACT 

Objectives Prostate-specific membrane antigen (PSMA) is an integral membrane protein highly specific for 
Jne ^ orostate PSMA may be clinically useful for predicting outcome in patients w.th prostate cancer. We 
cornered the expression^ of PSMA in prostate adenocarcinoma and lymph node metastases m a large senes 

Z^TJEE^SS-** node-positive adenocarcinoma .who "nderwent^a. pelv* 
ivmohadenectomy and radical retropubic prostatectomy at the Mayo Cl.n.c between 1987 and 1 992. 
S^S^ry was performed using monoclonal antibody 7E11-5.3 directed against PSMA For 
eTh case the percentage of immunoreactive cells in benign prostate tissue, adenocaranoma and lymph 
node metastases was estimated in 1 0% increments. Intensity was recorded us.ng a scale of 0 to 3 (0 - no 

ResuTtf ' ^yToSifsmicimmunoreactivity for PSMA was observed in all cases in benign epithelium and cancer 

reTpectively : Tll pairs P < 0.05). Intensity of staining was greatest in pnmary cancer and lowest .n lymph 

Collusions 13 PSMA Is expressed in benign prostatic epithelium and pnmary cancer in all cases . and in 98% 
of cases with lymph node metastases. Expression of PSMA was greatest .n primary cancer for both 
percentage and intensity of immunoreactive cells. PSMA expression allows the .dentification of bemgn and 
maSTprostatic epithelium and may be a potentially valuable marker in the treatment of pat.ents w.th 
pToSte cancer. UROLOGY 52: 637-640. 1998. © 1998. Elsevier Science Inc. All nghts reserved. 



Prostate cancer has an unknown etiology, vari- 
able pathology, and an intricate relationship 
with endocrine factors. It has the propensity for 
progression and dedifferentiation, which further 
adds to the complexity of this disease and limits 
effective therapies. 1 In 1998 prostate cancer will 
be diagnosed in an estimated 184,500 men, and 
39,200 will die of this cancer. 2 The search for diag- 
nostic and prognostic markers for cancer of the 
prostate is ongoing. 
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Prostate-specific membrane antigen (PSMA) is a 
transmembrane glycoprotein with both intracellu- 
lar and extracellular domains. 3 - 4 Its function ap^ 
pears to be as a cell-surface peptidase hydrolyzing 
peptides, in prostatic fluid and generating gluta- 
mate 4 - 5 and also acts as a folate hydrolase;. 6 - 7 It is 
expressed in benign and malignant prostatic epi- 
thelium and can be detected immunohistochemi- 
cally. The antibody used in this study, 7E11-C5.3, 
recognizes the first six N-terminal amino acids of 
the cytoplasmic domain. Because PSMA is an inte- 
gral membrane protein, it is being exploited as a 
target for antibody-directed imaging and therapeu- 
tic targeting modalities. 8 " 13 

In this report we describe the expression of 
PSMA in prostatic adenocarcinoma and lymph 
node metastases in a large Series of patients with 
node-positive cancer. 
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MATERIAL AND METHODS 

PA wfsufdied select tissue sections from 232 previously un- 
treated patients with prostate adenocarcinoma who under- 
went bilateral pelvic lymphadenectomy and radical retropubic 
prostatectomy at the Mayo Clinic between 1987 and 1992. 
Patients without sufficient cancer tissue available for analysis 
Were excluded. The retrieval of tissue and processing have 
been previously described."-" In brief, specimens were ob- 
tained during radical retropubic prostatectomy and pelvic 
lymphadenectomy. Each was evaluated by frozen section at 
the time of surgery and on permanent sections. Each prostate 
was weighed, measured, and inked. Shave margins were ob- 
tained from the apex and base. The remaining prostate was 
serially sectioned at 4 to 5-mm intervals perpendicular to the 
long axis of the gland from the apex to the tip of the seminal 
vesicles. All cases were fixed in neutral buffered formalin over- 
night and processed routinely lo paraffin. 

lMMUbfOHlSTOCHEMlCAL STUDIES 

Mouse monoclonal antibody 7E1 1-5.3 (Cytogen Corp 
Princeton, Nj) directed against PSMA was used, as previously 
described » The immunohistochemical technique included 
sequential application of diluted primary antibody (PSMA; 20 
ue/ml) for 60 minutes, biotinylated goat anti-mouse immuno- 
globulin (lg)G and goat anti-rabbit lgG (1:400, Dako Corp 
Santa Barbara, Calif) for 30 minutes, and peroxidase-labeled 
streptavidin (1:500, Dako Corp.) for 30 minutes. Immunore- 
activity was visualized by incubation of sections with 3-armn- 
oethylcarbazole in the presence of hydrogen peroxide. Sec- 
tions were counterstained with light hematoxylin and 
mounted with a coverslip. No enzyme pretreatment was used, 
and microwave antigen retrieval was not necessary (data not 
shown). Positive and negative controls were run m parallel 
with each batch and gave appropriate results. 

The extent and intensity of staining for this antibody were 
evaluated in benign prostatic tissue, primary cancer, and 
lymph node metastases by two of the authors (D.G.B. and 
A P ) The percentage of cells exhibiting staining in each case 
was estimated in 10% increments. Also, a numerical intensity 
score between 0 and 3 was assigned to each using the follow- 
ing criteria: 0 - no staining; 1 = weak equivocal staining; 2 - 
unequivocal moderate staining; 3 = strong staining. Only cells 
showing an intensity of staining greater than 1 were consid- 
ered positive. In most cases, the staining was unequivocal. 

Statistical Studies 

Spearman's rank correlations were used to compare the 
mean percentage of imrnunoreactive cells for benign epithe- 
lium, primary cancer, and lymph node metastases. The signif- 
icance level was 0.05. 

RESULTS 

Cytoplasmic immunoreactivity for PSMA was 
noted in 100% of cases of benign epithelium and 
primary cancer and in 98% of lymph node metas- 
tases (Fig. 1). Staining was often patchy and heter- 
ogeneous. The mean number of cells staining in 
benign epithelium was 46.2%, which was lower 
than both cancer and lymph node metastases 
(79.3% and 76.4%, respectively) (Fig. 2). Each 
pair, benign versus cancer and cancer versus 
lymph node metastases, reached statistical signifi- 
cance (0.0016 and <0.0001, respectively). No 



staining was observed in urothelium, stroma, or 
endothelium (Fig. 1). 

Adenocarcinoma showed more intense staining 
than benign epithelium. Lymph node metastases 
displayed the least intensity of staining (Fig. 3). 

COMMENT 

We determined the expression of PSMA in a 
large series of node-positive prostatic adenocarci- 
nomas and found PSMA in 100% of cases of benign 
epithelium and primary cancer and 98% of lymph 
node metastases. 

This study confirms other studies of PSMA ex- 
pression with minor differences (Table l). 1 * 13 - 17 
Horoszewicz et al., 1 the first to describe monoclo- 
nal antibody recognition of PSMA in 1987, identi- 
fied immunoreactivity in 9 of 9 prostate cancers 
and 2 of 2 lymph node metastases. Two other stud- 
ies found PSMA immunoreactivity in the majority 
of primary cancers and lymph node metastases. 1617 
It is difficult to compare our study with other stud- 
ies that included patients previously treated with 
androgen deprivation therapy or radiation. 17 
PSMA expression is unchanged or increased after 
androgen deprivation therapy in primary cancer 
and lymph node metastases. 18 

PSMA expression is found in normal and malig- 
nant nonprostatic tissues. 17 * 19 One study reported 
PSMA expression in a subset of proximal renal tu- 
bules, duodenal and colonic mucosa, as well as 
benign and malignant prostate, and lymph node 
and bone metastases. This study also described in- 
tense staining in capillary endothelial cells, 17 al- 
though we did not confirm this finding in the cur- 
rent study or our previous report. 15 PSMA 
expression was also found in brain and salivary 
gland. 16 

PSMA, as a marker for prostatic epithelium, has 
many potential therapeutic applications. An im- 
munoconjugate of 7E11-C5.3 termed CYT-356 
can be radiolabeled and used to detect lymph node 
(greater than 5 mm) and bone metastases. 20 CYT- 
356 labeled with m indium (ProstaScint; Cytogen 
Corp.) predicts extra-prostatic cancer in pelvic 
lymph nodes. 13 One study described 152 patients 
with clinically localized cancer who were at high 
risk for lymph node metastases. Sixty-four patients 
had histologic evidence of metastases, and 40 of 
these were detected by the scan (sensitivity of 
63%).- Twenty-five patients -who had positive 
lymph nodes on scan had lymph nodes free of can- 
cer on histologic evaluation (false positives). At 
follow-up, 14 of 21 patients developed recurrent 
cancer. 13 Currendy, there are two indications for 
use of ProstaScint. The first group is patients who 
are candidates for radical prostatectomy with high 
probability of metastatic cancer. Second, Prosta- 
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FIGURE 2. Mean percent cells staining for PSMA. 

Scint is used to localize foci of prostate cancer sug- 
gested by an increasing serum prostate-specific :an- 
Sn after prostatectomy." Future treatment may 
mdude eradicating metastatic deposits by labeling 

^eTSuepnopfdetected by monoclonal anti- 
Kollv 7E11-C5 was initially thought to be intracel- 
ffiand inTy accessible in devitalized cells under-, 
luiaranau r neC rosis." However, a recent 
Sg nuo^nly .abded 7E11-C3 



Lymph node 
metastases 

FIGURE 3. Mean intensity of cells staining for PSMA. 



specifically binds to PSMA in viable prostate cancer 
cells, 6 providing laboratory justification for the in 

^Seru^PSMA can be detected using Western 
blol 12.22-24 T he normal range in healthy individu- 
als between 35 and 55 years of age is 0.14 to 0.22 
(relative intensity levels). " PSMA serum concen- 
tration was higher in patients with disseminated 
cancer (N+ , M+) than in those with localized can- 
cer (T2, T3) 23 M PSMA concentration may be ele- 



TABLE I. PSMA expression in benign and 
malignant prostate 



Benign 
Epithelium PIN 
(%) (%) 


Lymph 
Node 
Cancer Metastases 
(%) (%) 


71 


100' 


100 




94 


88 


81 100 


95 . 


94 


100 100 


100 




100 — 


100 


98 



Horoszewicz et a/.' 
Silver etc/. 17 * 
Wright et o/. 16 
Bostwick et o/. ,s 
Current) study 



vated after treatment, probably reflecting clinical 
progression or the presence of k 0 ™ 0 ™'™*™' 
cells 112 - M Serum PSMA accurately predicts the 
stage of prostate cancer or local, regional, or dis- 
tant metastases in some patients, as shown by the 
ProstaScint scan. 12 ..... 

in summary, we found consistent PSMA immu- 
noreactivity in benign epithelium, primary pros- 
tate cancer, and lymph node metastases, with ex- 
pression highest in cancer and lymph node 
metastases. 
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